Introduction
tcPco2 monitoring in the fetus during labor has been proposed as a benificial additional technique for the supervision of the unborn child [7] . While in the main field of application for transcutaneous electrodes -the neonatology -the fixation of the sensors is relatively unproblematic and the clinical use has become widespread, the application of such sensors on the fetal head is still cumbersome, and the evaluation of the most adequate fixation seems to be a precondition for a more widespread use of this technique in obstetrics [2, 3] . Two application techniques have been proposed for the transcuteneous measurement in the fetus, namely the glue fixation and the suction fixation. The following paper will concentrate on the specific problems of fixation of tcPco2 sensors by means of tissue glue. Besides the success rate of the application with this technique, we will present data concerning the accuracy of the measurement during glue fixation as well as the influence of different modes of preparation of the skin and the development of a caput succedaneum on the absolute values of tcPco2.
Material and methods
The transcutaneous measurement of fetal Pco2 was performed with an electrode from Radiometer (E 5230). This sensor is a modified Severingshaus electrode with a glass pH electrode and a silversilver-chloride reference electrode [8] . Before twopoint calibration with 5% and 10% CCh the sensor is heated at a selected temperature or 39 °C or 44 °C during this study. The fixation of the tcPco2 electrode in accordance with the instructions for usage in the neonate was not completely satisfactory for the application on the fetal head during labor. Therefore, our group developed a modified fixation ring for sub-partu measurements (figure 1). This modification was aimed at achieving rather defined conditions for the diffusion of gases in the measuring chamber. By introducing a tube system for inflow and outflow into the fixation ring it was possible to fill the measuring chamber with a defined contact solution after the application of the electrode on the fetal head [7] . Such fluid can additionally serve as a conductor of the fetal heart rate action potential. In this way atraumatic internal cardiotocography is achiveable without penetration of the fetal skin. Modified tcPco2 electrode for glue fixation in the fetus during labor according to SCHMIDT et al. [7] . The measuring chamber is filled with a contact solution by means of a tube system after the electrode is applied on the fetal skin using tissue glue.
The application procedure was performed with the following instruments: 1. application forceps, 2. large bore amnioscope including light source, 3. swabs, 4. scissors, 5. tissue glue, 6. modified fixation ring, 7. tcPco2 electrode. The application of the electrode starts with a vaginal examination for palpation of the presenting part. The electrode should always be applied on the lower pole in central position in order to avoid artefacts due to compression phenomena. After the introduction of the endoscope the skin area selected for transcutaneous measurement is inspected. The fetal skin is then swabed and cleansed of blood, amniotic fluid, and vernix. Hair is cut by means of scissors and was in some cases removed totally by shaving (see below). The electrode is fixed in an application forceps and the tissue glue (2-butylcyanoacrylate) is applied to the contacting surface of the fixation ring. The electrode is then fixed on the fetal head by means of glue fixation while the fixation area is under sight through the endoscope (figure 2). The measuring chamber is thereafter filled with contact solution. We performed synchronous measurement with two electrodes (39 °C and 44 °C) in the same fetus in a number of cases in order to evaluate the influence of the measuring temperature on the transcutaneous Pcoi tracing.
In 10 cases two tcPco2 electrodes heated to 44 °C were placed on skin areas prepared in different ways. One area was prepared by cutting the hair to a length of about one millimeter while the other area was shaved.
The cervical dilatation at the time of application of the electrode was ^ 3 cm, while the lower pole of the fetus had at least reached 2 cm above the interspinal plane. Fetal blood analysis was performed according to the SALING technique [5, 6] . Blood gas analysis was performed on a Corning 175 or a Radiometer ABL 30 blood gas analyzer.
To elicit the electrode drift during the measuring procedure, controls were performed at the end of the measurement using 10% carbon dioxide gas. The drift was < 1 % per hour, the maximal drift was 8%, but the drift was usually <2%.
Data were fed into a Cyber 70 (Control Data) and evaluated with the Statistical Package for Social Science (SPSS) of Northwestern University. The linear correlation coefficient, the slope, the intercept and the significance were calculated for comparison of transcutaneous Pco2 levels to the Pco2 levels of the fetal blood analysis (FBA). To evaluate significant differences between groups of tcPco2 values data were analyzed with the Kruskall-Wallis test.
Results
Using the glue fixation technique for the application of the tcPco2 electrode in 245 instances, the application was not successful in 21 cases. In 12 cases a partial or complete dislodging occurred, while in 9 cases a mechanical compression of the electrode between the fetal head and the pelvic wall or the cervix was noticed by the tcPco2 registration or the registration of the relative heat deviation followed by a vaginal examination. After successful application a reapplication had Figure 2 . tcPco2 electrode immediately before its application on the prepared fetal scalp using a large bore endoscope. to be performed in only 8 cases when the electrode had dislodged before the late second stage of labor.
After the application of the electrode the tcPco2 tracing is characterized by a gradual rise of the tcPco2 level until the "steady state" is reached. Using our modified technique the constant rise of tcPco2 is interrupted when the contact solution is filled into the measuring chamber (figure 3). The time needed to reach the steady state (rise of tcPco2 1 mmHg per minute) was 18.4 + 2.5 minutes at a measuring temperature of 39 °C while the stabilization time was 12.6 ± 2.0 minutes at a measuring temperature of 44 °C.
When we compared the tcPco2 levels after glue fixation with the Pco2 values of the fetal blood we found a significant correlation (p < 0.001) at both measuring temperatures (figures 4 and 5). Using no correction factor transcuteneous values exceeded values in the fetal blood considerably [1] . The accuracy to measure tcPco2 is not improved by using higher temperature (variance test). In order to evaluate the influence of the development of a caput succedaneum on the absolute values of tcPco2 we compared the mean value of the tcPco2 in cases with no, minor degree, and pronounced caput succedaneum. Here we found a significant influence, when a greater extend of this phenomenon occurred with the progress of labor (2 a = 0.05). This influence was more pronounced at 39 °C measuring temperature (figures 6 and 7).
Skin preparation by shaving was compared to haircutting by using two electrodes simultaneously. No difference in tcPco2 values was found (figure 8).
Discussion
In the past a number of attempts have been made to improve the application techniques for transcutaneous electrodes in the fetus during labor. For those experienced in transcutaneous oxygen measurement in the fetus it was obvious that both a careful preparation of the measuring site and an optimum of hyperemia are essential for such investigations [3] . The glue fixation technique used for tcPco2 measurements is basically the technique described by HUGH et al. [2] . While the propose a total removal of hair for the tcPco2 measurement our results implicate that this procedure is not essential in order to achieve valid transcutaneous Pco2 measurements. This fits with the observation that compared with the tcPco2 measurement in the fetus it is much easier to achieve valid recordings with tcPco2 electrodes. In contrast to the correlation between capillary Ρθ2 and tcPo2 our findings of significant correlations between transcutaneous Pco2 values and Pco2 values in the fetal blood -even when the measuring temperature is reduced -can be explained on the basis of the different biophysical and physiological conditions of the blood gases [3, 4] . Good correlations with blood gas values during tcPcoz measurements performed with low temperature have also been reported by neonatologists. The advantage of a use of low temperature is the fact that skin burns are avoided to a large extend. We have observed a second degree skin burn after a measurement of 44 °C, while such side effect did not occur during measurements with 39 °C. This finding as well as the good correlation at 39 °C could implicate that obstetricians should use electrodes with reduced temperature. It seems though that artefact due to the progress of labor, such as caput succedaneum and compression phenomena interfere with tracings of tcPco2 to a larger extent when performed at reduced temperature. As such artefact lead to false positive results, the clinical benefit of the tcPcoi -namely the exclusion of fetal distress during abnormal heart rate patterns -could be expected to be actually lower with reduced temperature.
During our trial we did not observe any skin damage related to the glue fixation itself. A further advantage of this application technique is that after successful application of the electrode on the lower pole of the fetus (central and not compressed position) the electrodes is very seldom dislodged and reapplications are merely necessary in a low percentage of cases.
On the other hand it might be doubted that this application technique is adequate for widespread clinical use as not only considerable training of the personnel but also a large amount of instruments is necessary. There is no doubt though that, if used properly, the technique results in valid tracings and it is a good basis for clinical investigations during research trials.
Summary
tcPcoz monitoring on the fetal scalp potentially is a beneficial and additional new tool for the surveillance of the unborn child. During a clinical trial we investigated the tcPco2 monitoring using the glue fixation technique. A modified Severingshaus electrode was applied on a prepared area on the fetal scalp by means of an endoscope. The attempt of application was successful in 224 out of 245 cases, while reapplication was only necessary in 8 cases. The accuracy of the tcPco2 measurement using glue fixation was sufficient at both measuring temperatures (39 °C and 44 °C). The correlation coefficient comparing the data with the tcPco2 of the fetal blood was 0.74 respectively 0.81. 
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